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SOME  NOTES  ON  SONAR  SYSTEM  AN/SQS-26  (XN-2)  SEA  DATA  ANALYSIS 

TIS  R65EMH13 


I INTRODUCTION 

In  a previous  report,  coauthored  by  the  present  writer  and  L.  W.  Bauer,* 
an  extensive  analysis  of  selected  sonar  returns  was  performed.  This  report 
('R65EMH13)  may  be  considered  as  a sequel  to  the  previous  report.  Statements 
made  here  which  are  derived  from  the  earlier  report  are  keyed  with  an  asterisk  (*). 
It  Is  necessary  that  the  reader  review  that  report,  since  a great  deal  of 
explanatory  detail  contained  there  has  been  omitted  here. 

Two  types  of  signal  processors  were  employed  in  the  analysis  of  sonar  sea 
data,*  The  first  type  of  processor  was  a very  crude,  noncoherent  IF  processor 
which  performed  a square-law  detection  of  the  IF  signal,  followed  by  an  integrating 
or  smoothing  baseband  filter.  This  processor,  for  rather  obvious  reasons,  was 
called  a power  detector,  and  all  of  the  391  pings  available  on  the  digital  tapes 
were  power-detector  processed.  A much  more  sophisticated  type  of  signal  processor 
was  also  simulated  on  the  IBM  709^  computer;  23  sea  returns  and  three  test  returns 
were  processed  by  this  second  means.  This  second  type  of  processing  consisted  of 
ideal  (analog)  correlation  detection  of  the  received  pings,  followed  by  ideal 
filtering  of  the  correlator  output.  The  post-correlator  filters  consisted  of  a 
theoretically-optimum  bank  of  doppler  filters,  the  detected  outputs  of  which  were 
presented  by  means  of  range-velocity  indicator  (RVl)  displays. 

By  means  of  the  second  processor  simulation  described  above,  a rather  complete 
"picture"  of  the  sea  returns  could  be  obtained.  The  RVI  displays,  presented  for 
various  values  of  threshold  setting,  describe  the  behavior  of  the  sea  returns  in 
both  the  time  and  frequency  domains.  Such  computer  simulation  eliminates  the 
possibility  of  performance  degradation  due  to  practical  hardware  limitations;  for 
example,  performance  degradation  caused  by  the  Deltic  correlator  in  actual 
AN/SQS-26  signal,  processing  is  eliminated  as  a possible  cause  for  concern.  The 
"ideal"  signal,  processor  lineup  simulated*  would  be  most  difficult  and  extremely 
expensive  to  duplicate  in  practice. 


^Computer  Analysis  of  Sonar  System  AN/SQS-26  (XN-2)  Sea  Data,  TIS  r64eKH32, 
General  Electric  Company,  Syracuse,  New  York,  October  29,  1964. 
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The  analog-correlation  processor  considered*  was  far  more  sophisticated  than 
the  power  detector,  yet  a comparison  of  sea  data  analysis  results  was  hardly 
encouraging;  in  many  cases  it  was  quite  evident  that  the  simple  power  detector 
provided  a much  better  means  for  the  detection  of  sonar  targets  than  did  the 
sophisticated  "ideal"  processor.  The  disappointing  results  obtained  with  the 
analog-correlation  processor  motivated  this  present  memorandum,  which  reports  the 
results  of  some  additional  work  performed  in  an  attempt  to  explain  the  disturbing 
results  which  had  been  obtained  in  the  previous  study  effort. 

Three  types  of  modulation  were  employed  in  the  previous  report:  linear 

frequency  modulation  (FM),  pseudo-random  noise  (PRN),  and  random  frequency 
modulation  (RFM).  From  the  point  of  view  of  a simple  detection  it  was  clear  that 
FW  gave  by  far  the  best  performance;  however,  for  this  type  of  modulation,  the 
elaborate  RVI  presentations  are  somewhat  redundant  since  this  type  of  waveform 
does  not  permit  target  range  and  velocity  information  to  be  resolved.  The  PRN 
and  RJM  waveforms  were  known  to  have  "thumbtack"  ambiguity  surfaces;  it  was  hoped 
that  these  two  waveforms  would  yield  RVI  displays  which  would  not  only  show  the 
presence  of  the  target  but  would  also  indicate  the  true  velocity  and  true  range  of 
the  target  submarine.  The  performance  of  these  latter  two  waveforms,  with  very 
few  exceptions,  did  not  meet  expectations.  Detectability  was  not  as  good  as  in 
the  case  of  M and,  with  regard  to  range  and  doppler  information,  the  RVI  displays 
were  most  disappointing.  This  is  a serious  situation,  since  much  of  the  present 
AN/SQS-26  system  design  and  many  future  applications  of  this  sonar  system  are 
predicated  on  the  assumption  that  accurate  range  and  doppler  information  will  be 
derived  from  the  received  waveform.  The  results  of  the  previous  report  give  strong 
indications  that,  not  only  is  such  accurate  range  and cbppler  information  unavailable, 
but  that  attempts  to  obtain  this  information  can  result  in  a serious  loss  in 
detectability.  Quite  obviously,  such  results  are  significant  and  it  was  felt  that 
further  investigations  were  in  order. 

The  work  reported  in  this  memorandum  was  undertaken  in  an  effort  to  obtain 
some  plausible  explanation  for  the  negative  results  obtained  with  the  r^a  iata 
Computer  simulation  techniques  are  again  employed,  but  a tual  a returns  an-  i..  • 
used,  rather  the  sonar  signal  processing  system  ani  the  Inputs  • *■  . > stem  nr" 

entirely  simulated.  In  this  manner  controlled  ani  kn  >wr.  input  1. 1 ' : 

created  which,  of  course,  enable  a much  more  accurate  evalunt  j : run. 

processor  output  results. 
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II.  WAVEFORM  ANALYSIS 

In  a system  as  complex  as  the  AN/SQS-26  there  are  many  possible  problem 
areas.  One  item  of  some  concern  is  the  quality  of  the  waveforms  actually  put  into 
the  water  by  the  system.  The  sea  tapes  processed*  contain  "test  returns"  which 
are  actually  recordings  made  at  hydrophone  terminals  during  the  transmit  period  in 
the  system  cycle.  These  test  returns  are  given  numbers;  e.g.,  ping  123  (EM), 
ping  294  (PRN),  and  ping  29  (RIM) . The  analysis  of  this  particular  set  of  test 
returns  may  be  found  in  the  previous  report  on  pages  43  through  59- 

ping  123  shows  RVI  displays  of  the  type  that  are  expected  for  this  type  of 
modulation.  The  ambiguity  surface  is  a ridge,  and  the  volume  under  the  ambiguity 
surface  is  well-confined  to  the  ridge  region  (Figures  13  through  17*).  This 
result  is  precisely  what  would  be  expected  from  theoretical  considerations. 

The  PRN  test  return,  ping  294,  gives  RVI  displays  which  are  again  consistent 
with  theory  (Figures  19  through  21*).  It  was  noted  that  the  threshold  could  be 
lowered,  in  this  case  to  9 db  below  the  peak,  before  range-doppler  sidelobes  made 
their  appearance.  The  12-  and  15-db  thresholds  showed  considerable  range-doppler 
sidelobe  activity,  but  this  is  not  too  surprising  for  such  a waveform.  Since  the 
bandwidth  of  this  pulse  is  100  cycles  and  its  duration  is  one-half  second,  crude 
theory  would  indicate  that  the  close-in  sidelobe  level  should  be  on  the  average 
at  -20  db  relative  to  the  peak;  however,  the  2BT  factor  obtained  from  theory  with 
regard  to  the  ambiguity  surface  is  an  average  value  — this  certainly  does  not 
preclude  sidelobe  peaks  from  appearing  well  above  this  level.  Thus,  the  results 
obtained*  for  this  test  return  appear  to  be  in  reasonable  agreement  with 
theoretical  expectations. 

The  behavior  of  the  RIM  test  return,  ping  29  (Figures  23  through  25*)  is 
very  much  like  that  of  the  PRN  ping.  Very  little  range-doppler  sidelobe  activity 
is  evident  at  the  9~db  level,  while  considerable  activity  is  seen  at  the  12-db 
threshold  setting  (Figure  24*).  Here  again,  these  results  agree  closely  with 
what  might  be  expected  from  a theoretical  analysis  of  the  ambiguity  properties  of 
such  a waveform. 

In  spite  of  the  reasonable  agreement  between  the  test  return  RVI  displays* 
and  theory,  it  was  decided  that  additional  tests  should  be  performed  using  complete 
simulation  techniques.  Computer  programs  were  written  to  generate  the  above  three 
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types  of  waveforms,  and  simulation  programming  was  also  done  so  that  the  ambiguity 
surface  of  the  simulated  waveforms  could  be  determined  by  means  of  RVI  displays. 

The  first  waveform  tested  by  this  method  was  of  the  M type;  the  parameters  used 

are  shown  in  Table  1,  and  the  results  are  shown  in  Figures  1,  2,  and  3.  The  RVI 

display  for  a 3-db  threshold  is  shown  in  Figure  1.  The  vertical  scale  indicates 

doppler  setting  in  knots;  the  horizontal  scale  indicates  time  or  range  in  seconds. 

A total  of  6l  filters  are  employed  in  the  simulated  processor,  with  a center- 
frequency  spacing  of  0.8  knot  and  a bandwidth  consistent  with  the  0.5-second 
pulse  duration.  The  characteristic  ridge  line  which  is  associated  with  this  type 
of  modulation  may  be  seen  in  Figure  1.  The  breaks  in  this  curve  are  apparently 
caused  by  the  "crossover-dip"  of  the  filter  bank  design.  This  may  be  further 
confirmed  by  noting  the  double  response  in  two  regions  which  occur  in  Figure  2 -- 
the  RVI  display  for  a 6-db  threshold  setting.  Figures  3>  ^ , and  5 show  the 
performance  of  this  waveform  as  the  threshold  setting  is  lowered  in  3-db  steps  to 
15  db.  This  performance  is  characteristic  of  FW  and  agrees  very  well  with  the 
results  obtained*  for  the  PM  test  return,  ping  123.  (There  are  some  differences 
between  the  RVI  displays  of  the  previous  report  and  this  memorandum  since  the 
range  or  time  scales  are  different.) 

The  ambiguity  surface  for  PRN  modulation  is  shown  in  Figures  6 through  10; 
the  parameters  employed  are  shown  in  Table  2.  The  figures  indicate  that,  for  this 
waveform,  range-doppler  sidelobe  activity  does  not  make  an  appearance  until  the 
threshold  is  lowered  to  about  12  db  below  the  central  peak.  At  a 15-db  threshold, 
considerable  range-doppler  sidelobe  activity  is  to  be  noted  (see  Figure  10);  these 
results  compare  favorably  with  those  found  previously  (Figures  19  through  21*). 
Figure  20*  does  indicate  some  sidelobe  activity  at  the  9-db  level  which  is  not 
shown  in  Figure  6;  however,  this  difference  appears  to  be  minor  and  not  particularly 
significant.  It  is  interesting  to  note  that  a central-point  symmetry  exists  in 
the  RVI  displays  which  is  consistent  with  the  theory  of  the  ambiguity  function. 

The  simulation  results  for  the  RFM  waveform  are  shown  in  Figures  11  through 
15;  the  parameters  employed  are  shown  in  Table  3*  It  will  be  noted  that  sidelobe 
activity  does  not  appear  until  the  threshold  is  lowered  to  12  db,  and  that 
considerable  sidelobe  activity  is  to  be  noticed  at  the  lS-db  threshold  setting 
(Figure  15).  Here  again,  central-point  symmetry  is  clearly  in  evidence.  Comparing 
Figures  11  through  15  with  Figures  23*  through  25*  shows  very  good  agreement  with 
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regard  to  sidelobe  level.  Very  little  sidelobe  activity  was  noted  at  the  9-db 
threshold  setting  (Figure  24*),  and  one  might  conclude  that  somewhat  better 
agreement  between  simulation  and  actual  test  return  processing  is  obtained  for 
RJ>i  as  compared  to  PRN;  however,  the  agreement  in  all  cases  is  sufficiently  good 
that  there  may  be  rasonable  confidence  in  the  quality  of  the  signals  put  into 
the  water  by  the  AN/SQS-26  system.  Put  another  way,  the  simulation  results  that 
have  just  been  described  give  no  indication  of  any  serious  differences  compared 
to  the  waveforms  generated  by  the  AN/SQS-26  system. 
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Figure  2.  RVI  Display,  FM,  6-db  Threshold 


Figure  3«  RVT  Display,  FM,  9-db  Threshold 
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Figure  4.  RVI  Display,  FM,  12-db  Threshold 
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Figure  5*  RVI  Display,  FM,  15-db  Threshold 
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Figure  6.  RVI  Display,  PRN,  3-db  Threshold 
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Figure  9.  RVI  Display,  PRN,  12-db  Threshold 


Figure  10.  RVI  Display,  PRN,  15-db  Threshold 
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Figure  11.  RVI  Display,  RFM,  3-db  Threshold 
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Figure  12.  RVI  Display,  RFM,  6-db  Threshold 
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Figure  13*  RVI  Display,  RF"M,  9-db  Threshold 
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Figure  lU.  RVI  Display,  RFM,  12-db  Threshold 


Figure  15.  RVI  Display,  RFM,  15-db  Threshold 
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III , BOTTOM  BOUNCE  SIMULATION 
A,  GENERAL  DISCUSSION 

The  three  types  of  waveforms  which  were  used  in  the  sea  tests  were 
simulated  in  Section  II,  and  the  ambiguity  function  surfaces  of  these  three  wave- 
forms were  examined.  A comparison  of  the  simulation  results  with  equivalent 
results  obtained  from  the  test  returns  of  the  previous  report,*  indicates  very 
close  agreement.  There  is  no  reason,  in  view  of  the  data  just  presented,  to 
suspect  any  serious  difficulty  with  the  waveforms  generated  by  the  actual  AJj/SQS-26 
equipment.  Having  thus  temporarily  eliminated  serious  waveform  distortion  as  a 
possible  explanation  for  the  difficulties  encountered  in  sea-data  processing, 
other  possible  problem  areas  must  be  investigated.  Two  conceivable  environmental 
effects  could  explain  the  disappointing  results  obtained  in  the  processing  of  the 
sea  data.*  Time  spreads  or  multipath  spreads  as  were  evidenced  in  the  sea  data 
represent  a medium  characteristic  which  can  have  serious  consequences  in  the 
performance  of  the  signal  processing  system;  in  addition,  time  variations  of  the 
medium  or  environment  can  result  in  frequency  spreading  of  the  received  signals 
and  this  effect  can  also  contribute  to  significant  performance  degradation. 

Since  frequency  spreading  and  time  spreading  of  the  received  signals 
are  present  in  the  actual  operating  environment  of  the  sonar  system,*  the  possible 
mechanisms  by  which  these  effects  are  introduced  should  be  considered.  At  this 
point  many  avenues  of  approach  are  open  --  in  fact  too  many.  One  can  construct 
mathematical  models  of  the  environment  and  obtain  results  which  will  give 
reasonable  answers.  For  example,  if  the  multipath  spreads  and/or  frequency 
spreads  are  assumed  to  be  sufficiently  large,  serious  loss  in  performance  would 
be  indicated  by  the  mathematics.  Conversely,  if  these  spreading  parameters  are 
assumed  to  be  sufficiently  small,  then  a negligible  performance  degradation  would 
be  predicted  by  the  mathematical  results.  The  obvious  answer  to  this  dilemma  lies 
in  obtaining  appropriate  measurements  of  the  sonar  environment;  unfortunately,  j 

there  appears  to  be  very  little  pertinent  data  of  this  nature  available. 

Faced  with  this  situation,  a physical  model  has  been  constructed  of 
bottom-bounce  transmission,  albeit,  a model  for  which  no  rigorous  justification 
can  be  presented  at  this  time.  The  model  to  be  described  seems  reasonable  and 
the  results  obtained  from  this  model  are  not  in  contradiction  with  the  limited 
experimental  data  whi ch  has  already  been  gathered. 
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B.  MODEL  DESCRIPTION 

Let  us  consider  one-way,  bottom-bounce  transmission  from  a ship  (s)  to  a 
target  (T)  as  indicated  in  Figure  l6.  If  all  anomalous  effects  which  may  be 
caused  by  the  water  itself  are  ignored,  then  the  simplest  propagation  mechanism 
between  ship  and  target  would  involve  a specular  or  mirror-like  reflection  from 
the  bottom  as  indicated  by  the  solid  line  from  the  ship  to  the  bottom  and  hence  to 
the  target.  If  the  dominant  mechanism  involves  specular  reflection,  then  motions 
of  the  ship  and  target  relative  to  the  bottom  are  of  no  consequence  and  only  the 
relative  motion  between  ship  and  target  would  have  to  be  considered  in  the 
analysis.  Under  such  idealized  conditions  only  one  ray  path  would  be  involved  in 
the  transmission  of  energy  from  ship  to  target,  there  would  be  no  multipath 
effects,  and  doppler  or  frequency  spreading  effects  could  be  easily  calculated 
from  the  resulting  simple  geometry. 

The  writer  would  now  like  to  propose  a second  mechanism  to  be  considered 
in  bottom-bounce  propagation  --  that  of  multiple  scattering.  In  this  discussion 
we  do  not  eliminate  the  specular  mode  but,  instead,  we  propose  that  there  are  at 
least  two  modes  involved  in  bottom-bounce  propagation:  a specular  mode  and  a 
scattering  mode.  We  further  suggest  that  the  scattering  mode  may,  in  many  cases, 
be  the  predominant  mode  of  transmission  so  that  the  bulk  of  received  energy  at 
the  target  arrives  via  the  scattering  mode  while  only  a relatively  small  percentage 
of  the  received  energy  may  be  attributed  to  the  specular  mode. 

In  crude  support  of  the  scattering  model  which  will  be  shortly  described, 
the  reader  is  asked  to  observe  the  RVI  displays  for  ping  13  of  the  previous 
report  (Figures  1^3  to  l1+5).*  Ping  13  resulted  from  an  FW  transmission  but  the 
tape  data  was  gated  early  so  that  bottom  reverberation  was  recorded.  The  RVI 
displays  for  this  reverberation  indicate  the  effects  of  a collection  of  discrete 
reflectors,  some  having  higher  effective  amplitudes  than  others.  If  a transmitted 
pulse  from  the  ship,  upon  striking  the  bottom,  reflects  significant  energy  back 
toward  the  sound  source  itself,  why  should  it  not  be  assumed  that  similar 
significant  energy  scattering  takes  place  from  the  bottom  toward  the  target? 

Without  further  apology  we  shall  now  describe  the  bottom-bounce  model  which  was 
simulated  and  tested  in  the  work  which  follows. 
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Turning  again  to  Figure  16,  it  is  assumed,  that  the  bottom  is  composed  of 
a large  number  of  discrete  scatterers  which  lie  in  the  area  of  the  bottom 
illuminated  by  the  array  beam.  For  simplicity,  the  illuminated  area  has  been 
assumed  to  be  rectangular  having  an  x dimension  determined  by  the  horizontal  beam 
extent  measured  at  beam  center  on  the  bottom,  and  a y dimension  determined  by  the 
vertical  beam  extent  also  measured  along  beam  center  on  the  bottom.  Within  this 
rectangle  a large  number  of  scatterers  or  "hot  spots"  are  located  randomly.  Each 
scatterer  is  assumed  to  contribute  to  total  energy  transfer  between  the  ship  and 
the  target.  In  this  work  the  amplitude  effects  or  "transmission  factors"  of  the 
scatterers  are  assumed  to  be  uniformly  distributed  between  0 and  1 and  independent 
from  one  scatterer  to  another.  A uniform  random  phase  shift  (0°  to  360°)  was  also 
associated  with  each  scatterer,  this  phase  shift  being  independent  from  one 
scatterer  to  another;  thus,  energy  transmission  from  the  ship  (s)  to  the  target  (T) 
of  Figure  1.6  is  assumed  to  take  place  via  a large  number  of  ray  paths,  two  of 
which  are  indicated  by  dashed  lines  in  the  figure. 

If  we  suppose  that  the  scattering  mechanism  just  described  could 
represent  the  dominant  mode  of  energy  transmission  from  ship  to  target,  then  some 
very  interesting  characteristics  of  this  "transmission  path"  may  be  deduced  by 
simple  observation.  If  the  ship  and  target  are  assumed  to  be  stationary,  multipath 
becomes  an  obvious  consequence  of  the  model.  If  we  imagine  short  pulses  being 
transmitted  from  S and  received  at  T,  then  for  each  pulse  transmitted  N pulses 
will  be  received,  where  N represents  the  number  of  scatterers  being  considered. 
Furthermore,  these  N received  pulses  will  occur  at  random  times  within  the  multi- 
path  spread  interval  and  many  of  these  pulses  will  overlap  in  time  due  to  the 
finite  pulse  width  of  the  transmission.  Thus,  if  we  were  to  perform  an  experiment 
under  the  conditions  just  described,  we  would  first  of  all  note  that  a multipath 
spread  is  involved  which  will  be  determined  by  the  locations  of  the  ship  and  target 
and  also  by  the  vertical  and  horizontal  beamwidths  of  the  transmitting  array. 

Since  many  different  scatterers  cam  result  in  the  same  or  nearly  the  same  one-way 
path  delay,  a peak  response  observed  within  the  multipath  spread  period  at  the 
receiver  cannot  be  attributed  necessarily  to  a single  scatterer.  Rather,  such 
peak  responses  are  more  likely  to  be  caused  by  a superposition  of  the  energy 
received  via  many  paths,  where  chance  phasing  has  resulted  in  a reenforcement  of 
the  total  voltage  observed  at  that  particular  time. 
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From  qualitative  considerations  as  outlined  above,  we  see  that  the 
scattering  model  of  Figure  1 6 results  not  only  in  multipath  spread  or  time  extent 
which  must  be  associated  with  a given  transmitted  pulse,  but  that  superposition 
must  be  considered  in  explaining  the  actual  amplitude  versus  time  display  observed 
at  the  target  receiver.  If  the  ship  is  moved  from  one  position  to  another  position 
relative  to  the  coordinate  system  of  Figure  l6,  a change  in  the  multipath  structure 
observed  at  the  receiver  would  be  expected.  This  follows  since  the  superposition 
effects  at  the  receiver  which  produce  the  observed  multipath  structure  will  change 
as  the  ship  position  is  changed.  A chance  phasing  of  scattered  pulses  which  gave 
reenforcement  at  a particular  time  within  the  multipath  structure  in  the  first 
ship  position  may  result  in  cancellation  in  the  second  ship  position.  Conversely, 
such  displacement  may  cause  large  amplitudes  to  appear  at  time  positions  within 
the  multipath  structure  where  very  low  amplitudes  were  formerly  noted.  Thus  it 
is  clear  that  the  "impulse  response"  of  the  transmission  path  from  ship  to  target 
will  be  a function,  under  the  assumed  model,  of  ship  and  target  positions.  If 
these  positions  change  with  time,  then  the  multipath  structure  or  impulse  response 
of  the  transmission  path  must  also  be  expected  to  change.  In  fact,  as  shall 
shortly  be  demonstrated,  relatively  small  displacements  of  ship  position  can 
result  in  rather  significant  changes  in  the  effective  time-domain  characteristics 
of  the  transmission  path  from  ship  to  target.  This  crude  model,  then,  does 
confirm  two  effects  which  have  been  observed1  experimentally:  a multipath  spread 
in  the  energy  received  at  the  target,  and  a changing  multipath  structure  from 
pulse  to  pulse  caused  by  ship  displacement  in  the  interpulse  period  due  to  the 
motion  of  the  ship. 

The  observed  time  spreads  of  received  energy  and  the  observed  changes  in 
multipath  structure  from  pulse  to  pulse  have  been  accounted  for  in  the  previous 
discussion.  This  has  been  done  by  a static  analysis  which  argued  from  the  basis 
of  fixed  positions  for  the  ship  but  did  not  account  for  ship  motion  during  the 
transmission  period.  Frequency  and  time  effects,  of  course,  are  closely 
interrelated,  but  in  the  previous  discussion  the  emphasis  has  been  primarily  on 


1 Most  observations  involve  two-way  transmission  while  our  discussion  is 

confined  to  one-way  transmission.  The  extension  of  one-way  effects  to  the 
out-and-back  case  is  not  too  difficult  in  terms  of  qualitative  descriptions. 
Such  an  extension  in  the  quantitative  sense  is  left  as  an  interesting 
exercise  for  the  reader. 
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time-domain  effects.  We  now  turn  our  attention  to  some  possible  significance  that 
the  model  of  Figure  1 6 may  have  relative  to  the  frequency  domain. 

In  investigating  frequency-domain  effects,  the  transmission  should  be 
changed  from  a short  pulse  to  a very  long  (or  even  a continuous)  transmission,  and 
the  spectral  characteristics  of  the  signal  received  at  the  target  then  observed. 

If  the  target  is  assumed  to  be  stationary  while  the  ship  is  assumed  to  have  some 
velocity  vector  in  the  coordinate  system,  the  following  approximations  seem 
reasonable:  the  total  energy  received  at  the  target  is  represented  by  a super- 
position of  many  signals,  each  signal  component  being  associated  with  an 
individual  bottom  scatterer;  thus,  the  individual  components  of  the  received 
signal  will  not  only  have  a random  phase  and  amplitude  relative  to  one  another, 
but  th“re  may  also  exist  an  actual  frequency  difference  in  these  various  components 
due  to  ship  motion.  It  is  clear  from  Figure  16  that  if  a velocity  vector  is 
associated  with  the  ship  at  point  S,  this  velocity  vector  will  have  different 
component  values  when  projected  along  the  various  ray  paths  from  the  ship  to  the 
bottom  scatterers.  Thus  a multiplicity  of  doppler  frequencies  should  be  in 
evidence  at  the  target  receiver,  even  though  the  ship  has  a unique  velocity  vector 
associated  with  its  motion.  This  is  an  obvious  consequence  of  the  scattering 
geometry  of  Figure  1 6. 

In  Sections  III-C  and  III-D,  the  model  of  Figure  l6  is  simulated  on  the 
computer  to  form  a hypothetical  transmission  path  from  ship  to  target.  Short- 
pulse  testing  is  simulated  and  time-domain  effects  are  observed  in  Section  III-C; 
long-pulse  testing  is  done  over  the  simulated  channel  and  spectral  analyses  or 
frequency-domain  results  are  observed  in  Section  III-D.  The  results  are  interesting 
and  appear-  to  be  reasonable. 

C.  SHORT-PULSE,  TIME  RESPONSE  TESTS 

In  this  section  we  consider  the  time-domain  response  of  the  "channel" 
resulting  from  the  geometry  of  Figure  l6  when  short  (10  msec)  pulses  are 
transmitted  from  the  ship  and  received  at  the  target.  The  locations  of  the  2000 
randomly-positioned  scatterers  involved  in  this  simulation  are  shown  in  Figure  17 . 
The  ship  is  placed  approximately  2700  fathoms  above  the  bottom  and  the  trans- 
mitting array  is  depressed  30°.  The  vertical  beamwidth  is  assumed  to  be  21°  and 
the  horizontal  beamwidth  is  assumed  to  be  8.3°.  As  explained  previously,  a 
rectangular  area  on  the  bottom  is  assumed  to  be  illuminated.  It  is  shown  in 
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figure  17,  for  the  parameters  given,  that  this  rectangle  has  (approximately)  an 
extent  of  5000  feet  in  the  x direction  and  an  extent  cf  27,000  feet  in  the  y 
direction.  The  dimensions  shown  in  Figure  17  are  in  feet  and  are  related  to  the 
coordinate  system  of  Figure  1.6.  The  scatterers  are  located  in  a random  (uniform) 
manner  within  the  rectangle  by  the  computer  program.  The  location  of  scatterers 
is  shown  by  the  symbol  "X"  in  Figure  17  and  there  may  be  (for  those  who  like  to 
count)  fewer  than  2000  symbols  on  the  page  due  to  the  fact  that  for  very -closely 
spaced  scatterers  a single  X is  printed  to  represent  two  or  more  such  scatterers. 

Figure  17  is  not  particularly  significant  but  it  was  produced  to  provide  at  least 
a rough  check  on  the  performance  of  the  computer  program. 

A 10-msec  pulse  is  transmitted  from  the  ship;  the  output  of  an  envelope 
detector  attached  to  the  IF  strip  of  a target  receiver  is  shown  in  Figures  18 
through  22.  If  a single  scatterer  were  considered,  these  figures  would  show  a 
single,  square  pulse  covering  six  divisions  of  the  x axis.  From  the  headings  of 
Figures  18  through  22;  it  may  be  seen  that  a time  spread  of  0.2654  second 
between  the  longest  and.  shortest  possible  paths  is  involved  for  this  particular 
geometry.  The  differences  which  appear  in  the  various  plots  are  caused  by  four- 
foot  displacements  of  the  ship  position  along  the  y axis  of  the  coordinate  system 
of  Figure  l6;  that  is,  Figure  18  involves  no  displacement  of  the  ship  position 
from  its  initial  coordinate  location,  white  Figure  19  is  the  time  response 
observed  when  a y change  in  ship  position  of  four  feet-  is  introduced.  The 
displacement  continues  in  increments  of  four  feet  until  a total  displacement  in 
the  y direction  of  16  feet  is  accrued  (Figure  22).  It  is  to  be  noted  that  the 
multipath  structure  does  change  from,  one  ship  position  to  another  in  spite  of  the 
fact  that  relatively  small  increments  in  position  (four  feet)  are  involved. 

Several  runs  of  the  type  shown  were  made  involving  displacements  in  the 
other  two  coordinate  directions  and  the  results  are  very  much  the  same  as  those 
shown;  therefore,  Figures  i8  to  22  are  presented  as  teing  representative  of  the 
time-domain  effects  observed  under  these  conditions  of  computer  simulation.  The 
results,  in  light  of  the  previous  discussion,  are  not  at  all  unexpected.  The 
changing  multipath  structure  with  ship  position  is  clearly  evident  in  the  plots 
and  the  effects  of  pulse  superposition  ai  the  receiver  are  clearly  in  evidence; 
for  example,  the  dominant  peak  near  ’he  beginning  of  the  multipath  spread  period 
is  obviously  not  caused  by  a single  transmission  path  component.  If  only  one 
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path  were  involved  in  this  response  then  a square  pulse  of  six  time-unit  duration 
would  have  resulted  as  discussed  earlier.  The  fact  that  this  peak  response  in 
Figure  22  shows  distortion  represents  ample  evidence  that  superposition  effects 
are  responsible  for  this  peak.  As  further  evidence  of  this  phenomenon,  compare 
the  time  of  the  peak  response  of  Figure  22  with  the  response  at  the  same  time 
period  in  Figure  l8.  It  will  be  noted  that  in  Figure  18  there  is  practically  a 
null  in  this  time  period,  whereas  in  Figure  22  a rather  large  response  is  in 
evidence;  furthermore,  a total  ship  displacement  of  only  16  feet  was  involved 
between  Figures  18  and  22. 

Little  more  need  be  said  about  the  results  of  Figures  18  through  22 
except  that  care  must  be  taken  in  interpreting  the  responses  observed.  It  would 
appear  that  a strong  path  has  appeared  near  the  beginning  of  the  multipath  spread 
interval  (Figure  22) . Actually,  this  response  does  not  represent  one  strong  path 
but  a superposition  of  many,  much  weaker  paths,  giving  the  appearance  of  a strong, 
single  path. 

D.  LONG-PULSE,  FREQUENCY  RESPONSE  TESTS 

In  Section  III-C,  time-response  tests  were  simulated  using  the 
scattering  model  of  Figure  16.  The  results  obtained  are  reasonable  and  consistent 
with  much  of  the  sea  data  results.  We  now  turn  our  attention  to  the  frequency 
domain  which  posed  a considerable  problem  in  the  processing  of  actual  sea  data. 

A review  of  the  previous  report*  will  reveal  that  for  the  two  modulation 
types  which  provided  good  doppler  resolution  (PRN  and  RI>l),  extensive  spreads 
were  noted  in  the  RVI  displays  in  both  time  and  frequency;  in  fact,  the  frequency 
spreads  observed*  were  often  extremely  surprising  --  the  RVI  displays  showing 
considerable  energy  at  apparent  velocities  in  the  neighborhood  of  +25  knots. 

The  question  was  raised*  (but  certainly  not  answered)  as  to  whether  the  RVI 
displays  were  revealing  a true  doppler  spread  of  this  fantastic  extent  (true 
relative  doppler  was  usually  zero)  or  whether  other  causes  might  be  responsible 
for  the  apparent  doppler  spread  of  the  targets  which  were  observed.  An  attempt 
to  obtain  a partial  answer  to  this  question  shall  be  made  here. 

If  the  channel  model  of  Figure  16  is  assumed  to  be  a reasonable  one, 
then  frequency-domain  analysis  may  be  carried  on  by  further  simulation.  Instead 
of  transmitting  a short  10-msec  pulse  as  was  done  in  Section  TJT-C,  we  now 
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transmit  a pulse  having  a duration  of  0.5  second.  Such  a pulse,  of  course,  has 
excellent  doppler  resolution  but  very  poor  range  resolution  — which  is  precisely 
what  is  desired,  since  we  are  now  interested  in  investigating  the  frequency- domain 
effects  of  the  assumed  model  of  Figure  1 6. 

In  Section  III-C  only  ship  displacements  were  involved  in  the  calcula- 
tions; no  ship  velocity  was  considered.  In  this  section  a reverse  situation  is 
imposed;  that  is,  ship  displacements  are  ignored  but  a velocity  vector  is 
considered  with  respect  to  the  ship  at  point  S in  Figure  l6. 

The  computer  simulation  program  previously  used  was  modified  to  provide 
for  a doppler  analysis  of  the  received  waveform  at  poing  T of  Figure  lb  when  a 
single  pulse  of  0.5  second  duration  was  transmitted  at  S with  a ship  velocity 
vector  at  S being  assumed.  Even  though  frequency- domain  analysis  is  to  be 
performed,  one  must  still  consider  the  multipath  spread  in  this  case;  that  is,  a 
single  0.5-second  pulse  is  transmitted  but  a multiplicity  of  such  pulses  are 
received  at  point  T so  that  the  total  duration  of  the  received  signal  at  T will 
be  in  excess  of  the  pulse  length  by  an  amount  equal  to  the  multipath  spread.  To 
account  for  this,  the  doppler  analysis  portion  of  the  computer  simulation  operated 
in  the  following  manner.  The  earliest-arriving  path  time  is  noted  as  is  the 
latest-arriving  path  time.  These  two  times  are  averaged  to  give  a third  time 
which  represents  the  center  of  the  multipath  spread  interval.  A 0.5-second  time 
gate  is  then  generated  by  the  computer  which  samples  the  received  signal  waveform 
for  doppler  processing.  Three  gating-filtering  computations  are  performed;  the 
first  gate  starting  at  the  beginning  of  the  multipath  spread  interval,  the  second 
gate  starting  at  the  center  of  the  multipath  spread  interval,  and  the  third  gate 
starting  at  the  end  of  the  multipath  spread  interval..  The  outputs  of  these  three 
gates  are  processed  in  a doppler  bank  containing  61  filters  with  the  center 
filter  (number  31)  being  set  for  zero  doppler.  The  bandwidths  of  these  filters 
are  consistent  with  the  0.5-second  transmitted  pulse.  The  results  obtained  from 
such  spectral  analysis  processing  are  shown  in  Figures  23,  24,  and  25. 

The  header  of  Figure  23  reveals  that  the  ship  and  target  coordinates  are 
the  same  as  those  used  in  Section  III-C.  Further,  the  sonar  array  parameters  are 
also  seen  to  be  the  same  and,  although  not  explicitly  indicated  by  the  header, 
the  bottom- scattering  situation  is  also  the  same  as  in  the  previous  section.  A 
ship  velocity  vector  of  10  knots  magnitude  is  assumed  with  this  vector  having 
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equal  x and  y components  of  7*07  knots.  The  particular  doppler  bank  simulated  by 
the  computer  in  this  case  uses  filters  having  an  effective  bandwidth  of  about 
3.4-  knots  and  the  center-frequency  spacing  between  these  filters  is  approximately 
1.6  knots.  By  way  of  added  explanation,  the  computer  determines,  from  the  ray- 
path  geometry,  both  the  maximum  and  minimum  doppler  shifts.  These  two  items  are 
listed  in  the  header  of  Figure  23  and  it  is  seen  that  the  maximum  doppler  was 
about  seven  knots  while  the  minimum  doppler  was  about  4.7  knots.  This  spread 
arises,  of  course,  due  to  the  varying  projections  of  the  ship's  velocity  vector 
on  the  various  ray  paths  from  ship  to  bottom-scattering  points. 

The  plot  of  Figure  23  shows  filter  number  along  the  x axis  and  voltage 
response  (linear  detector)  along  the  y axis.  The  zero  doppler  filter  is  numbered 
31  and  there  are  30  filters  each  side  of  this  one  for  a total  of  6l  filters  in 
the  bank.  As  may  be  seen  from  Figure  23,  the  maximum  response  occurred  in 
filter  No.  35  which  represents  6.4  knots  of  one-way  doppler.  It  is  further  to 
be  noted  that  the  frequency  distribution  is  well  confined  about  this  peak. 

Figures  24  and  25  are  the  same  as  23,  except  for  the  time  of  the  0.5- 
second  sample  of  input  information  as  previously  explained.  There  are  differences 
in  amplitude  in  these  latter  two  figures  as  compared  to  Figure  23,  but  the  received 
energy  is  still  seen  to  be  quite  well-confined  around  doppler  filters  3^  to  36 
which  is  consistent  with  the  maximum  and  minimum  dopplers  known  to  exist.  Other 
similar  runs  were  made  using  different  ship  velocities  and  different  scattering 
distributions,  but  the  results  were  quite  similar  to  those  shown;  thus,  these 
results  may  be  taken  as  representative  of  this  particular  type  of  test. 

These  frequency-domain  results  are  discouraging  in  the  sense  that  they 
do  not  begin  to  explain  the  apparent  frequency  spreads  that  were  observed  in  the 
sea  data  described  in  the  previous  report;  thus,  the  model  of  Figure  16,  while 
it  does  predict  that  a doppler  spread  of  received  energy  will  exist,  yields 
quantitative  data  (such  as  that  shown  in  Figures  23  through  25)  which  do  not 
offer  the  explanation  sought  for  the  frequency  spreads  "seen"  in  the  actual  sea 
data. 
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Figure  17 • Bottom-f'catterer  Locations  Used  in  r inflation 
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Figure  20.  One-Way  Pulse  Response  via 


Bottom  Scatter,  Ship  Dis- 
placement 8 Feet 
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Figure  21.  One-Way  Pulse  Pesponse  via 
Bottom  Scatter,  Ship  Pis- 
placement  12  Feet 
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Figure  22.  One-Way  Pulse  Response  via 
Bottom  Scatter,  Oh  ip  Dis- 
placement 16  Feet 
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Figure  23*  Doppler  Analysis,  One-Way  Pulse  Response,  First.  Gate 
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I V . SYSTEM  PERFORMANCE  UTODEF  SIMPLE  MULTIPATH  CONDI 'HONS 

If  the  model  of  Figure  l6  and  the  corresponding  results  of  Section  111  are 
accepted,  the  time-domain  effects  observed*  can  be  explained,  however,  the 
frequency-domain  effects  observed*  are  orders  of  magnitude  greater  than  would  be 
predicted  on  the  basis  of  Section  III  of  this  report.  Certainly,  decorrelation 
effects  due  to  ship  and  target  motion  would  tend  to  degrade  the  performance  of 
coherent  processors,  and  could  result  in  the  apparent  confusion  seen  on  the 
majority  of  the  RVT  displays*  with  regard  to  PRN  and  RFM  pings;  however, 
de c or r elation  effects  shall  be  ignored  here,  and  only  multipath  effects  will  b e 
considered.  In  other  words,  the  model  of  Figure  ;6  will  be  used,  but  both  the 
ship  and  target  shall  be  held  stationary  --  resul  ing  in  multipath  effects  only. 

If  such  conditions  are  assumed,  there  is  no  decorrelation  of  the  signals  received 
via  the  individual  paths;  that  is,  a multiplicity  of  signals  will  be  received, 
but  each  signal  received  will  be  a perfect  replica  of  the  waveform  which  was 
transmitted.  Using  such  a static  model  for  bottom-bounce  transmission,  the  RVI 
displays  which  result  when  the  three  different  types  of  modulation  are  employed 
will  be  examined  to  see  if  multipath  alone  might  represent  a plausible  explanation 
for  the  doppler- spreading  effects  seen  in  the  RVI  displays.* 

The  time-domain  response  of  Figure  22  was  examined  and,  quite  arbitrarily, 

1 6 apparent  "paths"  were  selected.  The  selection  was  based  upon  the  peak 
responses  seen,  even  though  some  of  these  "peaks"  are  quite  small.  The  relative 
time  of  arrival  of  each  of  the  l6  paths  was  noted,  as  was  the  power  level  of  each 
particular  path.  These  power  levels  ranged  from  a peak  of  unity  down  to  a value 
of  0.01;  thus,  the  path  structure  chosen  involves  a 20-db  spread  in  relative 
level.  With  this  assumed  path  structure,  a system  simulation  was  then  run  using 
an  "ideal"  processor  which  produced  RVI  displays  equivalent  t ; those  shown  in 
the  previous  report.  Three  modulation  types  were  tested  EM,  PRN  and  RFM  In 
the  work  w hich  follows  no  noise  was  introduced  m the  simulation  process;  that  is, 
the  multipath  situation  alone  exists  at  the  receiver  vttn  no  background  noise 
added  tc  the  received  signal 

The  results  fcr  FM  modulation  are  shewn  in  Figures  26  through  30.  The  header 
in  these  figures  shows  the  relative  time  of  occurrence  of  eacr  path  and  the 
relative  power  level  of  the  path,  for  a total  of  l6  paths  in  all.  Since  a static 
situation  was  assumed  in  the  model,  no  doppler  is  involved  and  all  returns  are 
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at  zero  knot.  Figures  26  through  30  are  quite  consistent  with  what  was  seen  in 
the  sea  data  for  this  type  of  modulation.  At  the  higher  threshold  settings  only 
the  ridges  from  the  stronger  paths  are  seen;  as  the  threshold  setting  is 
progressively  lowered,  additional  ridges  come  into  evidence.  As  is  characteristic 
of  PM,  the  low  threshold  setting  of  15  db  of  Figure  30  leaves  considerable 
"white  space"  on  the  display,  indicating  that  the  volume  under  the  ambiguity 
surface  for  this  type  of  modulation  is  well-confined  to  the  region  of  the  main 
ridge.  The  results  shown  in  these  figures  agree  quite  closely  with  the  results 
of  the  previous  report  for  pings  l'f,  319,  323>  and  387- 

The  same  results  when  PRN  modulation  is  employed  are  shown  in  Figures  31 
through  35*  At  the  3-!!1  threshold  setting  (Figure  31)  the  RVI  display  reveals 
two  responses  at  the  times  which  correspond  to  the  two  strongest  paths  of  the 
l6  paths  involved.  These  peak  responses  occur  at  zero  doppler,  which  is  the 
correct  value  in  this  case.  As  the  threshold  is  lowered  (Figures  32  through  35) 
immediate  trouble  is  to  be  seen;  for  example,  in  Figure  32  the  threshold  is  set 
6 db  below  the  local  peak  yet  "targets"  appear  with  apparent  velocities  that  are 
quite  far-removed  from  the  true  velocity  of  0 knot.  (No  noise  is  present  in  this 
simulation;  only  the  l6  multipath  returns  are  being  processed.)  As  the  threshold 
setting  is  further  lowered,  a complete  "flooding"  of  the  RVI  display  is  to  be 
seen;  at  the  15  db  setting  shown  in  Figure  35*  the  RVI  display  is  almost  completely 
full.  Comment  on  this  effect  shall  be  withheld  until  the  RFM  modulation  results 
are  examined. 

The  performance  using  RfM  modulation  is  shown  in  Figures  3 6 through  40, 
with  results  that  are  nearly  identical  to  those  obtained  using  PRN  modulation. 

When  the  threshold  is  set  near  the  peak  value  (Figure  36),  reasonable  results 
are  obtained;  however,  as  the  threshold  is  lowered  (Figure  37),  the  "flooding" 
effect  again  appears  in  the  RVI  display.  Energy  is  indicated  (Figure  37)  at  an 
apparent  doppler  of  almost  16  knots  opening  and  more  than  8 knots  closing  when  it 
is  known  that  every  component  of  the  received  signed  is  a perfect  replica  of  the 
transmitted  signal  and  has  zero  doppler.  As  the  threshold  is  lowered,  the  RVI 
displays  rapidly  "flood"  until,  at  the  15-db  level  (Figure  40),  the  display  is 
almost  completely  full. 

Figures  31  through  kO  are  quite  interesting  since  they  show  results  which 
are  typical  of  those  obtained*  using  actual  sea  data.  It  is  also  to  be  noted 
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that  these  results  are  obtained  from  simple  multipath  assumptions;  no  decorrelation 
or  noise  effects  are  involved,  in  the  simulation. 
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SYSTEM  PARAMETERS 

noise  parameters 

SYSTEM  RANOWIDTH  <C»S> 

1^0.000000 

INITIAL  RANDOM  NUMBER 

106721074235 

SIGNAL  BANDWIDTH  <C»S» 

lOO- 000000 

f Inal  random  number 

10672107«235 

CARRIE*  FREQUENCY  IC^S) 

3400 . 0 0 G 0 0 0 

NUMBER  NOtSE  TERMS  USED 

2 65 

ooppi f»  f»lter  setting  ikts> 

0. 

number  noise  samples  used 

1503 

INITIAL  TIME  SEARCH  <SEO 

0.260000 

AVERAGE  POWER  CALCULATED 

0. 

FlNAi  TIME  SEARCH  (SfcC) 

0 .740000 

INITIAL  TIME  SEARCH  INDFX 

?6l 
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T4l 
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SAMPl  TNG  RATIO 

6.666667 
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’01 
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HAVPfORM  TyPg 

1 
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123331725215 
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90 

SIGNAL 
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1 
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4 
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5 
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6 
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445 

0.1500 

7 
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6 

0.4790 
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9 

0.4930 

494 

0.1600 

10 

0.5050 
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0 .0900 

11 

0.5170 
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0 .09 00 
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Figure  27*  FM  Pulse  with  Multipath,  RVI  Display,  6-db  Threshold 


Figure  ?8.  FM  Pulse  with  Multipath,  RVI  Display,  9-db  Threshold 
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Figure  31.  PRN  Pulse  with  Multipath,  RVI  Display,  3-db  Threshold 
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32.  PRN  Pulse  with  Multipath,  RVI  Display,  6-db  Threshold 


33.  PRN  Pulse  with  Miltipath, 


RVI  Display,  9-db  Threshold 
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figure  34.  PRN  Pulse  with  Multipath,  RVI  Display,  12-db  Threshold 
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Figure  36. 
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37.  RFM  Pulse  with  Multipath,  RVI  Display,  6-db  Threshold 
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RFM  Pulse  with 
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RVI  Display,  9-db  Threshold 
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Figure  39*  RFM  Pulse  with  Multipath,  RVI  Display,  12-db  Threshold 
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V.  CONCLUDING  REMARKS 

The  results  obtained  by  the  simulation  procedure  described  in  Section  IV 
sppear  to  be  quite  significant.  The  RVI  displays  of  Figures  31  through  4-0  are 
agonizingly  familiar  to  those  who  have  studied  the  sea  data  analysis.*  On  the 
basis  of  the  signal  processing  being  employed,  an  operator  viewing  such  displays 
has  no  choice  but  to  announce  that  there  are  a multiplicity  of  targets  present 
at  a variety  of  ranges  and  dopplers.  If  only  a single  target  is  known  to  be 
present,  then  the  displays  have  little  physical  significance.  The  latter  case  is, 
of  course,  more  nearly  correct;  the  RVI  displays  of  Figures  31  through  40,  and 
their  counterparts  in  the  previous  report,  have  little  physical  significance  in 
terms  of  actual  target  behavior. 

Consider  the  following  explanation.  Waveforms  having  high  BT  products  such 
as  PRN  and  RM  offer,  in  theory  at  least,  excellent  resolution  in  both  range  and 
doppler.  Unfortunately,  the  theory  of  ambiguity  functions  also  reveals  that  the 
volume  under  the  normalized  ambiguity  surface  is  a constant  regardless  of  the 
waveform  employed.  It  then  follows  that  if  the  central  spike  of  the  ambiguity 
function  is  narrow  in  both  range  and  doppler,  the  volume  within  this  spike  will  be 
small.  The  skirts  of  such  ambiguity  functions  must,  as  a consequence,  contain  the 
bulk  of  the  volume.  The  successful  use  of  "thumbtack"  waveforms  such  as  PRN  and 
KFM,  therefore,  is  predicated  on  the  absence  of  multipath.  In  a multipath  situation 
the  ambiguity  skirts  of  the  individual  multipath  components  tend  to  add  on  a 
random  basis,  and  the  response  in  certain  skirt  regions  approaches  or  even  exceeds 
the  response  of  the  main  peaks  corresponding  to  the  various  paths.  Thus  multipath 
tends  to  produce  the  flooding  of  the  RVI  displays  that  has  been  observed  both  in 
this  report  and  in  the  sea  data  analysis  of  the  previous  report. 

It  should  be  pointed  out  again  (as  mentioned  several  times  in  the  previous 
report)  that  computer  analysis  of  sea  data  implies  a significant  advantage  which 
cannot  be  realized  in  practice.  This  involves  the  precise  setting  of  the 
threshold  level  of  the  RVI  displays.  The  computer  searches  all  values 
representing  the  RVI  display  an!  finds  the  largest  value;  the  threshold  is  then 
set  relative  to  this  largest  value.  Such  precise  operation  is  hardly  possible 
under  operational  conditions.  The  displays  shown  in  this  report  and  also  in  the 
previous  report,  poor  as  they  may  be,  imply  the  use  of  this  significant  advantage 
which  would  be  unavailable  in  practice.  Thus  it  becomes  rather  obvious  that 
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system  performance  using  any  waveform  which  has  good  resolution  in  both  range  and 
doppler  will  suffer  considerably  if  multipath  effects  are  encountered.  Any 
significant  amount  of  multipath  will  quickly  flood  the  RVI  displays  and  the 
information  obtained  from  such  displays  becomes  meaningless. 

There  is  often  a temptation  to  classify  waveforms  only  on  the  basis  of  their 
bandwidth-time  produce;  this  is  sometimes  misleading  --  the  FTC  waveform  discussed 
in  this  report  is  a good  case  in  point.  This  waveform  has  the  same  FT  product  as 
the  PRN  and  RFTC  waveforms,  yet  FTC  behaved  quite  well  with  regard  to  the  RVI 
displays  from  a detection  standpoint  only.  Of  course,  FTC  cannot  resolve  the 
range-doppler  ambiguity  and  in  this  case  FTC  is  in  a different  class  than  the  PRN 
and  RFM  waveforms.  The  volume  under  the  ambiguity  surface  in  the  FTC  case  is 
well-confined  to  the  region  under  the  main  ridge,  as  was  noted  in  both  this  and 
the  previous  report.  As  a consequence,  use  of  this  waveform  does  not  produce 
the  RVI  flooding  under  multipath  conditions  which  was  encountered  in  the  PRN  and 
RITC  cases,  and  this  characteristic  of  FTC  enhances  the  detection  performance  of 
the  system. 

The  results  obtained  in  this  simulation  study  are  believed  to  answer  many  of 
the  questions  that  were  raised  in  the  previous  report  when  actual  sea  data  was 
analyzed.  It  must  not  be  concluded,  however,  that  multipath  is  the  only  adverse 
mechanism  involved  in  the  sea  returns;  there  may  well  be  other  mechanisms 
contributing  to  performance  degradation.  What  has  been  shown  in  this  report  is 
that  multipath  alone  can  produce  many  of  the  anomalous  results  which  were  observed 
in  the  sea  data  for  the  RFTC  and  PRN  returns. 

By  way  of  further  conjecture,  some  additional  operating  results  which  have 
been  reported  might  be  discussed  at  this  point.  The  PRN  mode  of  operation  of  the 
AN/SQS-26  system  has  apparently  given  very  poor  results.  In  light  of  the  present 
data  this  experience  is  not  at  all  surprising.  First,  let  us  consider  that  PRN 
modulation  is  being  used  at  sea  but  that  an  analog  correlator  is  available  in 
the  signal  processor  lineup.  An  operator,  viewing  RVI  displays  such  as  the  ones 
simulated  here,  might  be  alerted  to  the  presence  of  a target  on  the  basis  that 
his  display  became  more  active  in  a particular  portion  of  the  range  sweep.  This 
activity  would  no  doubt  result  in  a flooded  presentation  if  multipath  were 
present.  The  operator  might  be  aware  of  the  presence  of  a target  even  though 
the  display  would  tell  him  nothing  about  the  precise  range  or  doppler  of  such  a 
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target.  In  a sense  the  complex  processor  and  display  just  described  is  being 
used  by  the  operator  as  a simple  energy  detector  --  there  are  easier  ways  of 
accomplishing  this. 

In  practice,  an  analog  correlator  is  not  employed  in  the  AN/ SQS-26  system  -- 
a Deltic  correlator  is  used.  The  Deltic  correlator  employs  hard  limiting  and, 
as  a consequence,  it  would  be  doubtful  that  an  operator  viewing  an  RVI  display 
connected  to  a Deltic  correlator  would  be  alerted  to  a PRN-multipath  return.  The 
Deltic  normalization  would  tend  to  prevent  the  scope  from  looking  "busier”  during 
the  target  interval  as  compared  to  other  intervals.  As  was  stated  previously, 
this  represents  conjecture  but  in  view  of  the  results  obtained  this  seems  to  be  a 
reasonable  conjecture. 

The  conclusion  reached  in  the  previous  report  --  that  the  operational 
environment  of  the  AN/  JQS-  ’6  does  not  permit  accurate  range  and  doppler  informa- 
tion to  be  obta  lei  from  a single  pulse  --  still  stands.  Furthermore,  there  is 
now  sufficient  reason  to  suspect  that  attempts  to  obtain  target  range  and  velocity 
accurately  from  pulses  of  a single  type  will  not  only  fail  in  reaching  that  goal 
but  may  also  result  in  loss  of  target  detectability. 

Some  serious  thought  should  be  given  to  the  choice  of  waveforms  which  are 
compatible  with  the  operating  environment.  For  example,  if  future  tests  indicate 
consistent  multipath  spreads  on  the  order  of,  say,  100  to  200  msec,  is  anything 
to  be  gained  by  using  a waveform  which  has  10-msec  resolution?  There  is  every 
indication  that  not  only  is  there  nothing  to  be  gained  by  such  a mismatch,  but 
much  may  be  lost  in  the  process.  The  same  situation  holds,  of  course,  in  the 
frequency  domain.  If  a doppler  spread  exists  which  is  inherent  in  the  environment, 
then  it  does  not  seem  appropriate  to  use  waveforms  which  can  resolve  doppler  to 
some  fraction  of  this  environmental  doppler  spread.  Case  in  point:  FW  gives 
neither  accurate  range  nor  doppler  information,  yet  it  is  known  from  experience 
that  this  waveform  does  the  best  job  of  detecting  targets  in  reverberation.  Maybe 


